Introduction
Carbocations play an important role as intermediates, e.g. in S N 1 reactions or in Wagner-Meerwein rearrangements.
1 The classical carbenium ions, e.g. [C(CH 3 ) 3 ] + , feature a tricoordinate electron decient carbon atom with 2e-2c bonds. 2 While their existence has long been accepted, there has been a long dispute about the existence of the (pentacoordinate) non-classical carbonium ions.
3 Only in 2013 the nal crystal structure evidence for the existence of non-classical carbocations was provided by our group. 4 Motivated by this result, we were interested to see if analogous non-classical silylium ions also exist in the condensed phase, i.e. silylium ions stabilized by a 3c-2e bond (Scheme 1a and b). Although adducts of [Me 3 Si] + with ethylene and acetylene were detected in the gas phase by mass spectrometry, their structures in condensed phases hitherto remain unknown.
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Yet, quantum-chemical calculations suggest a non-classical structure for adducts between [Me 3 Si] + and C 2 H 4 /C 2 H 2 .
However, it appears that the latter are only intermediates and react further by a methyl shi and formation of a vinyl silylium ion (Scheme 1c). 6, 7 By contrast, with substituted alkenes, classical carbenium ions as in Scheme 1b were calculated to be favored. 6 Adducts of silylium ions with benzene or toluene could also be considered to possess non-classical structures, but crystallographic studies and also quantum-chemical calculations suggest a classical structure.
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The all-silicon analogue to the non-classical carbonium ions would be a silylium ion, which is coordinated by a disilene R 2 Si]SiR 2 or by a (formal) disilyne RSi^SiR. To the best of our knowledge, for the [Si 3 R 5 ] + cations no experimental data exist and computational analyses are limited to thermodynamics and do not discuss structural properties. 12 Reactions of silylium ions with di-and trisilenes yielded cyclotetrasilenylium ions [(RSi) 3 SiR 2 ] + as part of more complicated rearrangement reactions (Scheme 1d; R ¼ t Bu 2 MeSi, t Bu). 10, 11 In any event, the stabilization of disilenes and disilynes against oligomerization requires large substituents R, which hinder their -classical or non-classical -coordination to a silylium ion. 10, 11, 13 Although calculations at the MP2/def2-TZVPP level suggest a non-classical adduct between [ BP86/def-SV(P)). As a result, the addition of an alkene or alkyne to a silylium ion may also result in the formation of a carbenium ion that is stabilized in the classical structure by the so-called bSi effect. This implies a hyperconjugative stabilization due to electron density transfer from the occupied s(Si-C) orbital into the empty p-orbital of the cationic C atom (Scheme 1b).
Results and discussion
Before turning to the experiments, we investigated the principle feasibility of the planned reactions by assessing the cations sought for with DFT and ab initio calculations and including solvation energies for the polar and weakly basic solvent orthodiuorobenzene (o-DFB, 3 r ¼ 13.4).
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Preliminary assessment of the stabilities of non-classical silylium ions 
; NMR, scXRD, Raman, IR) aer crystallization. This compound will be discussed later in more detail. 18 in situ and allowed to warm to r.t. Although NMR spectra of these reaction mixtures in CD 2 Cl 2 showed complete conversion of the starting materials, the non-classical silylium ions could not be detected. Instead, hydrosilylation of PhC^CPh and Me 2 C] CMe 2 (see the ESI † for details) and formation of neutral 2 for MeC^CMe were observed (eqn (4) 
Reactions of [Ph
to be only 10 kJ mol À1 . The silylated 2-butyne (I1) then reacts with a second equivalent of 2-butyne to exothermiMe, t Bu, Ph; X ¼ Cl, Br). 23-29 Of these, the protonated cations [R 4 C 4 -H] + with R ¼ H, Me, Ph were only characterized by
27,30
When looking at the bonding p(C2-C3-C2 0 ) orbitals of the methylated derivatives of the discussed compounds ( . This is also evident when simply looking at the total charge of these molecules. Interestingly, the energies of the p*(C2-C3-C2 0 ) orbitals seem to be less affected by the partial charge of the Me 4 C 4 moiety, but mostly by the total charge of the molecules. Therefore, the energy of this orbital is nearly the same for [Me 4 C 4 -AlCl 3 ] and Me 4 C 4 , while for the cationic species it is lower by $4 eV.
Evaluating the homoaromatic character of [R 4 C 4 -E] (+)
Since the structural parameters of the discussed compounds are very similar, especially d(C2-C2 This interaction is a measure of homoaromaticity and can be determined from the difference in NMR chemical shis between C2/C2 0 and C3 (Table 3) . 26, 27 In allylic systems, the terminal C atoms (here C2/C2 0 ) bear a positive charge, resulting in the deshielding of these. The interaction between C2 and C2 0 leads to their shielding, combined with the transfer of the positive charge to C3 (deshielding). For homoaromatic systems Bu and C2-t Bu groups. As a result, the C1-C2-C2 0 -C3 dihedral angle is higher than that for the methylated derivatives (Table 2) . Phenyl substituents seem to completely prevent the C2-C2 (Table 2) .
Investigations towards release of Me 4 C 4 from 1
While information on the reactivities of most of the discussed compounds is scarce, [R 4 C 4 -AlX 3 ] was shown to be a source of cyclobutadienes R 4 C 4 (CBDs) by use of coordinating solvents, like DMSO, due to abstraction of AlCl 3 . 28, [32] [33] [34] Besides the discussed AlX 3 adducts cyclobutene dicarboxylic acid anhydrides 
[ 19 The deprotonation of 1 suggested that a non-charged nucleophile, like 4-dimethylaminopyridine (DMAP), could be helpful to prevent deprotonation of the cation. 19 NMR spectra of this reaction mixture revealed the formation of Me 3 SiF and complete decomposition of 1 (eqn (6c)), but no evidence for the expected dimerization product of Me 4 C 4 could be found. 34 Instead, the NMR spectra suggested the formation of oligomerization products. When this reaction was performed in the presence of 2-butyne, partial formation of C 6 Me 6 was observed, similar to the reaction of [Me 4 C 4 -AlCl 3 ] with 2-butyne and DMSO. 34 Therefore, we assume this reaction is (weak) evidence for the intermediate release of CBD from 1. However, analogous reactions of 1 with other electron-decient or electronrich dienophiles (MeO 2 C-C^C-CO 2 Me, Me 3 Si-C^C-SiMe 3 ) never gave the desired Diels-Alder products, 29 but only the known oligomerization products and complete retention of the alkynes.
Reaction with DMAP
It should be noted that the reaction solution for the synthesis of 1 also contained C 6 Me 6 and these oligomerization products. The reason for this is that in the rst stage of the reaction of Me 3 Si-F-Al(OR + instead of other dienophiles, leading to oligomerization. The same problem is likely to arise when using the other cationic cyclobutenyl cations as their p-LUMO energies are expected to be in the same region as those of 1.
Conclusion
By the reaction of Me 3 Si-F-Al(OR F ) 3 with different alkenes and alkynes the synthesis of non-classical silylium ions was investigated. However, most of these reactions only led to oligomerizations in which such silylium ions may be intermediates; they were assessed by calculations ( 
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